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WINDOW AIR LEAKAGE
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(:riJekS aroundtt \\doX ic(ttY .r tisaliv thle lt'ak.(L~c citribrhites -1itat ptri cent
major sou rcc of the a~ir lcia~ that affet,"s so of the w\ail heat gaiit 1it siltllll l ittle !. ii per
siizfieaiitlv thle perfornia; ce Of buildings. Air vent of the wall heat loss' ii viriti r, I - pro-

iniltrat iti inert'. LSCS the h iat iii, lotadi in witi ter p irt ii of fthe total building hecat gain or lo ss. and( nIIIL litilit COmnfort Conditiotis adjace-it to [rim XX ntow air ievikaiz e ttpettls oil the
\%Int (ItX5 ,' ill air votititotc bue d ing~mt~s it iii- intiilditi design and itse. It ,vIII lvstialX be
ceases the coolinig load inl snimillier. Oil tihe qutitt' a small pelvlteeitige of tile total tooling

(tlirt hind,. it prmidiths somoil or aill of the lvqiticir('ilits; for examtpic. 4 put (-('lit \\ith flt,

utsidcill i iiiletidu toi tiitirt oidoiirs and reia- louse '.siiiuhiss antiu 14 pet cuitt %ýiti tile t,,zlIt
tic hultitht\iX Xiiligs\itholit iI(hne icauiea XX ititliX refe'rredt to ab, Xe.c F'or llceltlnZl the

10 cil 1tda io n 'It)( 11.% supph as w\ell tile air vausmyb 6idIper (clt ret-hctivclv.
r(ttj!!!tl foir the totlbPlti)ti iof flC oil IWt t lititrs itt ii nottitied cl o that de bci tlost cof-

\ir lc~kavj .11)In il\titXIttldOts 11S a jt fl(,ets t(t. flit, xear tlit' peceitctag, Afit, the ict los;s or
ttiiteOf flth \kllttiOX%'. thlt1105t'is. 1-11C tiztil front air Ic,&tzc \%ill hce less titan tile

to~ifi(ýtratittt oif titi' air flow path is impo~irtanit fiii-,o 'S teft'ri i to aImts

r%% it),rýct toi thetir rsistitnee to raitnhiki, leaiig budd~ins \\)f ilt Iti-.t tcntil.1tion.
atid liist peitetratioti. atid with doultte \\,in- ItitlttX tit'lhtuiess met 1  

oitii It limintei b\
diws lat-.oLX~ ileternittiis tbe etuttititis lilt(tli r titlItit si55lOiitl tha.t li'Xitltit 55
u ItItt tttIildetsatioii hi(t~st tit pal'" XIII ocehr. (il lirtis tie tte it' .t d i illtt d ir ii cts re-

It IN fis t-e pt tip Xe tf thit, I )i!est to diii tss t. I1(1 t') nl i st i' od ir .ld111, 1 oI ito , I's \\ilt -
thec impili, aitism sf witithis air lekieit, "it ail (oliitiolitittt it 'sl~ll-i5 ~r t.,t
ehllaat tt so 111 itid trittria. Mouthi that iS slit(I 11 

' h ott tj.lldt xvitliiit 011ii.t iitiI ý
mina Itt appdlio to air ie.ka.ct arotinii (I ii"' (I tilatitill s' \stems Ueti-itils Ibt titt proiX e slit'

trahfit rI.te is ispCIt ills igitifivaTit a0th is a tiler otitort.

Irliyili, (iiow Onfi Ait r biitk1oLe XmiziltX' ijtiew titýl l ts 111 hir li11tittel h tilet
Il t h tpit-il air f-iiutiitioneil office klitlthoil ininittiii oiti titld or Liliriit- itt-oi d 111 e it '] lk X'

Ofi (rat k at 0,301 In. %%Xt-ir) tha~t tlke tip) a ont thi lit' 1 tim. and - uci. t s if tilt'Ic1ititti11. fotr
tititt iii thle slross iuttit X%.tll arevl, witidtmw air btitiss thle fltIitItiII[I iteicpteti at pr-scit is

it kite tittriittesappttiiiittls-15Iti (ent ailttit tt 3.. althtiicz it is piiss;id' thit sIlvtkdt
of tlit,- Xwtj hteit j~aitt itl sanittttr atnd 60f pt'r lmxi tItls, X\tillt ibeitiltlle t,, Nomtie
vt-'itt tf tih' s\-all heait 10is0 ill %\intt'r unthir Lautitlit , l'I I, X-etitilattitttt Ittk tir 1!it'.tter mIna

ITtcz t-tlptimii-ii \s-tlfl, ,. tli~lit Xtiuttittw ( 0 1 initlits intll X I tittistoos (sce ( '131) 1 1 1t1hil -
cfri ft oif t-r.it-k at 0 30 int. wate'r) \\indow air htrititi alsoi providies the fitrntit air nc'tptire-
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ment. For a relatively tight insulated house dir dow% air leakage anrd current window air leak-
needed for coinliustion uinder design weather agze critetia is required.
conditions amounts to abiout i; air change per ji-indotc Air Leakage Characteristics
hour; adding anl equal amount for the control W~iinmow air leakage is the flow of air around
of ch~imney draft brings the total to about % lsdss i hog rm htrs it

air hane pr hur.from at pressure difiference acmo.," the window.

Air leakagec into buildings varies markedly S ignificanit air leakage can also take place
with weather conditions; it may provide ade- between the window framne and thle surround-
quate air change rates under some( wveather ing construction; but this depends on construe-
conditiors andi either excessive or inadequate tion details and workmanship and is not a
rates tintder others. In a ),v( 11 instilated hmiinga- cha racterist ic of the win dow.
low with Itoose w.indows and dloors (2 efut ft The relationship bet-ween air flow and pines-
oif ( rack at 0 30 in. water ) air infiltration can sure rdifference across at w~indotw can lbe ex-
casilv amontot to otie air change per bour arid pressed ats Q cli" where Q is the w.indow
conitribuote uip to 3C2 per cent of the total heat air leakage and IT is the pres~sure rhillererice.
Itos's tind(er desi go weat her conidit ionis. with IIThe pro sst to di ftereince inti rig acost I5 \win -

vecry titzht windows (0.1 cfiol ft of crack at (1.30 (o\tiw in at budding is the net result of the ac(-
in). \k'Ittrr and weatherstripped doors, air leak- tiOnS Of Wind, inside toi outside air teriperltture
agze cotiln lbe reduced to !;i air changze arid diffTererice and ventilating equipment ( wee
i1nonotiit to 01v5per cent of thle totatl heat lass ('11) 23). The xvalue of the xsponenit, It, falls

ittde diigi cttitons I suh tgist house between !. and I dependin ott the Chi1rac-

it \\oitd bei lit', nets5.rv to irnduce aidditional vent- teristics cf tile cracks and the pressu re differ-
ihi.tioti t liuiigh open windotws or other ineans enc; at typical desi 'gn pressure ditfferences it

artd pi (iV (e a separate air Stipl)[] for coin- is citiser tot" for tinits withi cracks of riorinal
lorstimn 'I Iois it is not possilte onl the basis of width rin(l closer ti 1 for units havingz un-
fit, uel ('tittt 0o justify this degree of air tight- usually narrowv cracks. The geomectry factor,
toes' with otperabole winidotws. W\i tht the aid of e, increases as the amount orI length of crack
xs eat 1ioi striippiwtg w\indows av~iilahle at presenit increases; the reciprocal is a measure of the
(an p isioe air leakage rates down to !.frn wirndtw tightness or resistancte to air flow,
per foot tf criick at 0 30 inch water ( Fig. 1 ) - esistance to air flow through a given
Sto(Lt wkit dows. wxith .%eatherstripped dloors , amriount of crack increases as the len gtho of pith
are hikily tto limlit house ventilatitnirrates to % throtugh the track increases or as the effective
air ( ltinige pir htttr under design weather (rat k width or clearance decreases. This (cleir-
conliltiots, its most of Canada. a.irCe depends onl the alignment tof niating

In d~iL11i! doblevidowsto verome surfaces arInd oil thle effectiveness of locking
In (tsiititi~dtttttl wiirlws ti oererne devices. ]In getter a1. inrtereisig tightnecss restults

cottdensai ttiont bet weent pines the air leaika ge I oin on dIiffictilt sasih operait ion.
rate of the inner gluzing asebyshtoilol not The tightness of anyv win,!ow arrarizoment
exceed abtottt 0 1 rim per fotot at 0.30 inch cnuulyb nrae i~iiatvb h
w.ater (ste ('131 i) . This is readily ichi e-e .d list, ufsu(.allylieis irpinr~sedsgii tyb h
with ohoubiil vlazirig in a sitgli' sash where air z-ivmaealo

flo bt et i ~iIt nl rinteI vj se t ieai (evier int tro dutced bowtseen the sash atnd fri rie
it0 b ,tehive .II]faebpa e h i to dencrease' thle clea. rance or inrcrea se thespire. To1 ln~ this degree of air oghtlitness letogth tif the air floiw path withoint irnterferitng

bet wet it ,a sh and frani Mide lic rtliniia ease "% Ci with tilie sash oiperait ion. Weatthiersti i ppinrg
otf opt r. it ion, as woiuild lbe requt 1 ied for win- shudbcablofoneitrpaem t
dows -wi th irn (hpend ent lN o ipo rat ina ginrner and i.. (i I he wtahsalnde ifng wear'mi we eatl aCernen
Mtier sash. requires an unusuial qua~lity 0  aof o tf xtltadtg wa rnwahrn

dt '.Windows of this tightness tire some-C iv r I long period wit hot it In)s of effective-

times, spi't ifiedI bv artchitects for air conditioned neCSS

ludiii i o( isrr for buldini11rgs having ;pecial re- Inr doui ble wviiidow-s ha vi! Indt iiepenident ly
quiiirerr trits where at cit ston (desi gn cart he' just i operit iii i nneir anti oiuter sasht the resistance
fled. tot air flow derpernts tort thin' tightness cof both

units. IIn otrldc to rtorttrl (tioldewIttioii Ibe-
In o~rder to appreciate fully the signifu ancc x hot pr out '5., Iie wi''r it is noeeess~r\ to provide

of the mvindhow air leakage values referredl to isseritialls all thle resirstanier to oir flow at the
above, a knowledge of the mechanism of win- intrer uinit (see CBDI 5).
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2 5 11r Europe it is the practice to expres3 air
leak-age as a rate per unit area of window.

- NONWEATERSTR~eEOHere again, it is necessary to speCcify the size
2 0 - O -W UPPERST IPEDof window in making compari .sons.

WINDOS - PPERLIMIT

Because the factors affecting window tight.

1 5 ness are complex, the air leak-age character-
;t NN - /S eistic of a wirndowv must be determined directly

ý11 WIDOWS b test. Ani air pressure difference is imposed
LOWER ,-WEATHERSTRIPPEO across the window and the rc-sulting flow

LIMIT, WIDOWSmeasuired. 3I'le test apparatus consists of a
pressure chamuher, a window mounting panel

/ ýI formirlg one weall of the chambher, an air supply
o 5 0to the chamber and a flow mieter. The window

CASEENTis mounted in the panel so t hat air leakage can
on]lv occur around the sash and tlinowj~i 'lie

.2 .3 4 5 frameIn. D~ouble windows inrv be tested with
h PRESSURE DIFERENCE, IN~ *C tire storm unit open to ensuire that the inner

I I unind alone provides the required resistamce to
V WIN SPE0D,5MPH air flow. Window air leakagze mevasurements

FIGURE I arc usually' made at pressure diffecrnces from
WINDOW AIR LEAKAGE CHARACTERISTICS 0.10 to 030 inch water collirul, correspond-

ing to the stagniation pressurle of wvin;1 of 13

The air pressure difference across windows to 25 mph, since air leakage at higher wind
also proviiles the force that causes rain pene- speeds is not of concern.
tration. It is greatest across elements such .as A large numbner of winduowy air leakag[Le tests
weatherstrippinig that provide the major base been performed in thre United States,
resist~ln( e to air leakag~e, so that it is import- Britain anid Europe. The majority of windows
ant to piotect these elements from wetting by tested were single woodl vertic-al sliders and]
\\iiirl olriven rain. With (lotile windows this casements although a number of t~pes of
is accorn i slir; convyen ien tly byproviding aluminum, steel anvd wood sinvle and douible
e~ssciti-rll v all tIIIi' resistance to air leakage at windowvs have been tested more recently.
tile finner sash. '[he possibility of rain ptene- Typical air leakage characteristics of verticalI

trait c: i past the outer s~ishi is minimized since sliding and casement wvindows are siumma-
tirce;; is no airI pressure difference across it. rized in Fig. 1, which shows the Larg~e vani-

It h-ils becomne common practice in Canada ation in the tiglitness of nonu-weatiiei tripped
and thec U.S.A. to express window air leakage windows as compared to that of weather-
ru". Q, as air flow per foot of window crack stripped windows. Ihel( advivntage of weather-
lengvth I rick, levgtii is determined by sum- strippinftg in reducing air leakage is evident.
rniriig thre Oindividual crack lcn;;Ihs that occur Wlindowt Air Leakage Criteria

frirn rant he r sisin sa!ish baedontat the The LIargc va riat ion inr air leak;; ge cliarac-
fhramensorl anofther clarh opning in thsedo trae, teristics of window:; clearl' (demonstrates the
fonrisans' SIo(f t (Uleroenn; i h gae, rid o air leakagze tperfimnmnansce criteria. In,It is wirsa~l toi assur iii thar~t thle to(t a air leakage est vri'per rice cien i for C.;ndaforari sie o window (,in e cal-iulated from tlihnI
valles, of the air lr'akaog; per foot of crack .vulrdows both; the bernefits of thiglr winldowvs
ohtairned for a spec;iren; of similar dvrsi gn aind the degree of tigilt;;;ss ohbt ainable aut
Air le,,kaige per foot of crack, irilwiver, ;isl;ialv re',iIornahle cost must lie considered.
varies inure or If ss with window size. both, Window air learkage criteria hav'e been
II;I,.( aus ulifft-14'rrt cracks in ar wirndow orccur in dcvelirping it; both the United Stites ;rnd
ojiffiererit proiportion roid biecauise pressurres im- Niirwrv, and aire (If special initecrest here since
posed li% lIocriki Kirriwarre irsv. For a precise the clhina~tv in parts of these countries is similar
definitionr of wi ndouw air leakage, it rs thorifrire to that ir C aniada. InI Niirwai the Building
nececssa rv to (h's;rih fil'te wvindow (lime i rolirs; fit 'su',r r h In;st it; t;i.; hs purlrIished; auir leakage
in wvidiris speI';frvatirris ar starndard size is ratinig crers's based onl tests urn a large number
ursni.; h speci fied. o f sswi ii; ;su. inunh woo;! case'ment, in a
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standard opening '1ransLitcd into air leakage Summary

per foot of sash crack at 0.30 inchl -watei SublhstLilt idSavilig.s toi theiltiti aind tooling
columinii the mainamiiiii air leakage rates for costs of buiildin gs tail result from the( use of
(lassificati'll as acIvt'te)tlelf. giod andt excetllenit tight wkindows, hot in general satisfactory
art' 0.36 ,'in, 0,19 (fil aind 0.16 cfm respit- tig.hItiii'ss (dem,iods tha wIld s lttl

tix lv.weatherstripped. For a given tvpI'( of window,

In the( lViitcdt State's, wpai~ratc' air leaikage iincreasedt tiglitiiess usually implies inl ri',st'd
erlirii hx hei~ 'Ntlilislt' fr ~liixiiiui. ost "his must be stiighuid again'st thel S'lviiijs

stv. ai] iid \\ , d 511 .~de \0 iido ws 1)\ thit 1rspi '- ri'u~l tilt g fro nt decera sed opeJ~trat ing cost an d

ti\ e iiiantiia( tiirirs' tIsNo iatiolls. 'Ililt following~ til- iotheir lal\?litdl.9' of tighlt wvindcows he

x ahtis are tilt. inla\llliumi purrfissiillt for the i'st.ilihlliln! air l-Akag'reqirnet. n

\artlois \% litI (I (I\ t\ Ný itN (Ii tou p)tr foot of sash bui~ldingls 511(11 as Ilolsts where theiw is io

cr11 k at .l rIm ,fIill iifftieiet I f 01. leti \vItcr iiit'til,llieAl ventil~tinil and air inufiltrationl

column flh prmsit!lcs the (lilttdoor air rel-qlired for \ctilt l-

AIIIIIIIIIIII \ Infow'stight 'andiidiiws (dil rl llof tf Sil] tilt tilof to tc iletl

\crtuioia "hiidli - standalrd (ilt\ -- (4i fiit ftitltx~fdm alrdc etl1 ofl

-- lt.Ia" d ilt\ (.fill ft ol~lilt \% 11C]it 0d I O I t',i hlIIidii it\ iod( I IIll ll.IltC

'.tl/m tA 0Io Ill,_ , ii it (il ft af p~iSS tlbtle 55 s o thi efoi' mreater tif i \c til

iiisilpinllt1) tillt' (lldll (ut (1 f illliit atii' musst lthenb tii lrolekag soult T iffs prcof

l i it 'iI I I ii i lili al ld ~ i jl lwax- dilti iin o ti itnIi15 is thl elleflore 11 Ibistc isa (1)1-

(fl t lc jstiit d 55 I I til L'iulii (IN f for l ri'l ollwlt' t lorlivl

ar'lolri1 i tiii.' itipild fo h1i l0 110i piit'trdrltli to mii iIImeiinliliox of air~t tt

sti ii I \\irjIlmit Nii ai.kll t\ liti Itt cn it l of co d nsto be e Ii pl it4 NS il(ifilt

W o\kI Igest% aiti art' nw ('aasin th recipnts \ fdof \ IgSt the uscrtainu toheIfo

Mottp fAst]nn 14 i a1 StpI it'to ar'ounmid tit' 11)0r Oaziiest wouldI~ be stli

Ifl/ It f jid\(I .11r Iilltt'!stt in 11 Irdering a hinder tohl'i~t alourl etpie ofic the ngas
*-te- it~ 1,1111 ritt to: Idto 111)1 Iso of Ii.dix oar N tatio a II e\search s \\it

.il;llliral Otti11 11 (ali' ha P1we'A the diid not send ouraos iic an d moot'' sash
sc th\ h.(mdall leGom nwwhn'u ordiler shold h plsanced. i-laa~esol epo

(,t1 r I tn d '1?toIIII). FI I'$ f '.l'0'J , \%I' ' m Nt: i, If I. n , e; !' S ',, A c , ~

diw w ftiji , i l~k v rqu in iot i,( itý ih ~od dcl~l I(I-i s ta cet ri


